Abstract: FRAP technique have been used for decades to measure movements of molecules in 2D. Data obtained by FRAP experiments in cell plasma membranes are assumed to be described through means of two parameters, a diffusion coefficient D (as defined in a pure Brownian model) and a mobile fraction M. Nevertheless, it has also been shown that recoveries can be nicely fit using anomalous sub-diffusion. FRAP at variable radii has been developed using the Brownian diffusion model to access geometrical characteristics of the surrounding landscape of the molecule. Here we performed numerical simulations of continuous time random walk (CTRW) anomalous subdiffusion and interpreted them in the context of variable radii FRAP. These simulations were compared to experimental data obtained at variable radii on living cells using the PH domain of the membrane binding protein EFA6 (exchange factor for ARF6, a small G protein). This protein domain is an excellent candidate to explore the structure of the interface between cytosol and plasma membrane in cells. By direct comparison of our numerical simulations to the experiments, we show that this protein does not exhibit anomalous diffusion in BHK cells. The non Brownian PH-EFA6 dynamics observed here is more related to spatial heterogeneities such as cytoskeleton fences effects.
Results

75
Anomalous sub-diffusion Modeling
76
A way to describe the continuous time random walk sub-diffusion is to start from a two dimensional random diffusion process. A particle walks from trap to trap and spend a certain (random) time in each trap. It is characterized by the following operation : r → r + ∆; t → t + τ
r and t are respectively the two dimensional position and the age of the particle, where ∆ is a two 77 dimensional random (Gaussian) variable with variance v = 2D, and τ is the (random) time the particle 78 spend into the trap.
79
In our model, the particle is supposed to diffuse very rapidly between two traps. This travel time 80 is therefore neglected (this, because it was not experimentally accessible). The time τ the particle stays 81 in a trap is supposed to have very strong fluctuations, this give rise to anomalous diffusion pattern.
82
As an example a generic distribution is used which leads, after a while, to a standard Levy law in time :
This distribution have been used in the same type of context by Naggle [24] .
83
The Levy exponent α is the characteristic exponent of subdiffusive behaviour. For long times we have :
When α < 1 a spatio-temporal Fourier (Laplace) analysis leads to the following asymptotic (ω, k
84
→ 0) Green function :
where ω and k are respectively the conjugate variables of position r and time t, where k = |k|.
86
Notice that the solution of the inverse Laplace transform is a function of the variable k 2 t α . It follows 87 that the Green function is a function of the variable x = r 2 /t α . When x is high enough one can perform 88 an approximate inverse transformation via a saddle point method :
89 g(r, t) ∝ exp(−cst x ν ) ; ν = 1 2 − α , cst : a known constant
Notice that the exponent ν interpolate nicely between the gaussian case (α = 1) and the exponential case. The general solution of this type of anomalous diffusion process is then : ρ(r, t) = ρ 0 (r − r)g(x(r , t)) d 2 r
where ρ is the probability density to find the particle at the point r at instant t and ρ 0 is the initial 90 state.
91
As the Green function is a bell-shaped fast decreasing function, one approximate it by a Gaussian 92 shape with the exact dispersion, D α = D sin(πα)/(πα), which can be calculated from eq.4. This 93 permits to construct an analytical expression of the fluorescence recovery using standard properties of
94
Gaussian functions.
95
Starting from Axelrod [13] initial density as it is immediately after a Gaussian laser beam profile extinction indeed :
(K=photobleaching constant, depending on experimental conditions [13] ) and using the standard
96
properties of the Gaussian shape in the convolution operation, one can obtain the time evolved result 97 as a series.
98
Once integrated upon a disk of radius R, and, after normalization to the surface of the disk, one 99 obtain the FRAP signal :
This function will be used to fit experimental data.
102
Systematic corrections of this procedure are determined using numerical Monte-Carlo simulations 103 of the fluorescence recoveries, using known α and
In order to keep in our calculation the finite size effects, the simulation were made in a ring of a 105 radius of 30 arbitrary unit (a.u.) length explored by 10 7 particles for each recovery. Radii varying from 106 0.5 to 3 a.u. were photo-destructed during the simulation. Reflective type of boundary conditions were used. This means that when a particle gets out of the 30 a.u. radius it is re-introduced in the 108 same direction at a small distance of the boundary. See Appendix A for examples of recovery curves 109 generated numerically by this approach. 
Restricted Brownian motion (rBm) :
where M accounts for the mobile fraction. separate the two-models. Still log-log plots show that these models can be discriminated at short times
132
(t«τ c ,τ c being the characteristic half-time of the recovery) and at very long times( t»τ c ). given radius using the 63x objective (see experimental section for explanation). EFA 6, an exchange 137 factor for ARF 6 (a small G protein) has recently been described as being located on the internal part of of anomalous diffusion processes using variable radii. 
Using eq.11, we could determine that 75% of PH-EFA6 molecules exhibit free diffusion while the 189 25 % left are confined in domains of approximately 90 nm radius. decreasing radius of observation. We showed that the correct values of α and D could be determined at 1/R = 0, i.e. when R → ∞. This is one way to overcome the finite size effect of the measurements.
233
Then, we apply this approach to the experimental recoveries obtained at different radii. Surprisingly
234
we observed the opposite tendency to the one observed in our simulation, suggesting that the CTRW In conclusion, by performing FRAP at variable radii, we found a way to discriminate CTRW confirmed by the use of fluorescent beads with a maximum wavelength of emission at 500 nm [35] .
295
The following values were obtained for the waist as a function of the objective used :
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